Introduction {#Sec1}
============

There are growing interests on studies of peristalsis of non-Newtonian fluid flows due to their fundamental importance in physiological, engineering, industrial and medical applications. In biological process, such motion occurs in movement of chyme in gastrointestinal tract^[@CR1]^, circulation of blood in arterioles^[@CR2]^, passage of urine in ureters^[@CR3]^, passage of ovum in the fallopian tube^[@CR4]^, swallowing food via esophagus^[@CR5]^ and so on. Important characteristics of peristalsis of viscous fluid is initially studied by Latham^[@CR6]^ and Shapiro et al.^[@CR7]^, they examined peristalsis of viscous fluid in channel/tube under lubrication approaches. In industrial process, peristaltic mechanism is used to control the fluids transport inside tracts. This mechanism is utilized for additional pumping of flow in hurt lung machine to prevent blockage and being fluid contents keep apart from tract boundaries. On the other hand, the concept of magnetohydrodynamics (MHD) has gained a lot of attention due its variety of applications in geophysics, astrophysics and engineering. It plays very important roles in design of nuclear reactors, satellite, gas turbines, missiles and the blood control during cardiac surgeries. Studies on peristalsis flows with MHD and other aspects have been investigated^[@CR8]--[@CR14]^.

The thermally efficient nanofluids, after dispersing nanomatrials such as silver, copper, aluminum and titanium etc., into base fluids such as water, ethylene glycol, propylene glycol and oil, was first discovered by Choi^[@CR15]^. He noticed that, when the nanoparticles are dispersed into base fluid, the thermal capability of traditional heat transfer fluids will be enhanced significantly. Das et al.^[@CR16]^ found that, when 1--4% aluminum nanoparticles are added into water, the thermal conductivity could increase by 10--25%. Due to intensive merits of nanofluids like high thermal conductivity at lower nanomaterials aggregation, stability for long term , minimum clogging in passages flow and homogeneousness they are expected to be utilized in different engineering and industrial areas, as well as in nanobiotechnology. Hamid et al.^[@CR17]^ used the Crank Nicolson finite difference scheme to obtain the numerical solutions of inclined magnetohydrodynamics unsteady radiating flow in an open ended vertical channel with natural convection in the presence of nanoparticles. They revealed that with the increasing values of fractional parameter and for slighter values of time the velocity of the fluid increases, but the behavior is reverse after some critical values of time. Sheikholeslami et al.^[@CR18]^ analyzed the solicitation of nanoparticle-enhanced phase change material in appearance of metallic fins and nanoparticles. They utilized the finite element method based on Galerkin to obtain the numerical results. They found enhancement in rate of solidification with increasing shape factor, even though there is a reduction in temperature. Several attempts of nanofluids under different aspects have been conducted^[@CR19]--[@CR37]^.

The new trend of the development of nanofluids is to manufacture hybrid nanofluids, which are basically in suspension of two or more nanoparicles into base fluid. Hybrid nanofluids overcome the harness, the synergic influence and flaws of individual suspension of nanoparticles, which are expected to hold better heat transfer rate and more remarkable thermal conductivity as compared with traditional nanofluids. Excellent characteristics of hybrid nanofluids make them very potential and valuable in various areas like electronic applications, lubrications, heat interchangers, space air-crafts, refrigeration of electronic apparatus, transportation industry, drug reduction and biomedical and so on. Several experimental and theoretical studies have been available on hybrid nanofluids. For example, Suresh et al.^[@CR38]^ and Momin^[@CR39]^ provided very useful experimental data for understanding the thermal performance of hybrid nanoparticles in various solutions. Xu and Sun^[@CR40]^ investigated that the generalized hybrid nanofluid model for description of base fluids suspended with multiple kinds of solid particles in a vertical microchannel with mixed convection. Their model was then employed by Saqib et al.^[@CR41]^ for investigation of natural convection flow of a hybrid nanofluid between two infinite vertical parallel plates. In literature survey, other recent investigations on hybrid nanofluids have been conducted by^[@CR42]--[@CR53]^.

Thermodynamic irreversibility occurring in a flow system provides intuition of losses related to the system. The major losses can be accounted due to heat transfer, friction, chemical reactions, explosion and mixing of fluids etc. Entropy generation is used to quantify these thermodynamic irreversibilities within a system. Moreover, entropy minimization provide information about quantification of irreversibilities and can be used to lower these losses in the flow system. The pioneer behind the discovery of entropy generation minimization (EGM) was Bejan^[@CR54]^, who found that through entropy generation minimization the thermal efficiency of flow systems could be improved. His discovery opened the doors of new research eras for many researchers and scientists due to its remarkable performance in many manufacturing processes like turbo machinery, heat exchangers, electronic cooling devices and so on. Khan et al.^[@CR55]^ modeled the problem between two stretchable rotating disks with gyrotactic microorganisms and entropy generation. Many entropy generation related studies have been done in different types of fluid systems^[@CR56]--[@CR59]^.

It is seen from literature that no attention has yet been paid for discussions of influences of chemical reactions on peristaltic flows with various configurations such as slip condition, MHD, thermal radiation and hybrid nanoparticles. Note that homogeneous and heterogeneous reaction are significant in various chemical reaction systems, for instance combustion, catalysis, electrochemical and biochemical systems and production of semiconductor films. Examples of such processes include coal gasification, iron production in blast furnaces and the oxidative regeneration in coked catalysis etc. Chaudhary and Merkin^[@CR60]^ firstly proposed a homogeneous-heterogeneous reaction model, in which the homogeneous (bulk) reaction is assumed by cubic autocatalator kinetics and the heterogeneous (surface) reaction by a first order process. Other investigations on homogeneous/heterogeneous reactions with different aspects have been performed by^[@CR61]--[@CR65]^.

In this paper, the peristalsis transport of electrically conducting hybrid nanoparticles subject to thermal radiation and homogeneous-heterogeneous reactions are explored owing to its great potentials in cancer therapy and medicine production. In this analysis, two types of nanoparticles are taken, one are the silver nanoparticles used for the conventional nanofluid case and the other are the combination of silver and copper nanoparticles for hybrid nanofluid. Thermal radiation, slip effect and homogeneous/heterogeneous reactions are examined simultaneously. The multi-physical nonlinear systems are solved by a BVPH 2.0 package. Physical elucidation of analytic results is given with major findings being pointed out. Also, a comparison is made of the results of the hybrid suspension of those nanofluid with same nanoparticles volume fraction and pure water. Such model has great significance not only of its theoretical interest, but also in engineering applications.

Problem statement {#Sec2}
=================

Consider a magnetohydrodynamic flow of an incompressible Carreau fluid in suspension either nanoparticles (silver) or hybrid nanoparticles (silver and copper) in a channel separated by a distance 2*a* driven by peristaltic motion of its symmetrical walls. The peristalsis of the channel waves is assumed to be the form of sinusoidal waves which move along the direction of channel length with a constant speed *c*. The physical sketch of this problem is shown in Fig. [1](#Fig1){ref-type="fig"}, in which $\documentclass[12pt]{minimal}
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                \begin{document}$${\bar{Y}}$$\end{document}$ being normal to it. It is also assumed that the nanoparticles are distributed uniformly so that the agglomeration effect of nanomaterials is neglected. Other physical assumptions of the model are illustrated hereinafter.Figure 1Physical sketch.

The peristaltic structure of the channel walls is defined, based on the work of Hayat et al.^[@CR10]^, as$$\documentclass[12pt]{minimal}
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The generalized Ohm's law for description of viscous incompressible electrically conducting fluid flow is written as$$\documentclass[12pt]{minimal}
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In a Carreau fluid, the constitutive equation for the extra stress tensor $\documentclass[12pt]{minimal}
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                \begin{document}$$\Gamma $$\end{document}$ is the material constant, *n* is the power-law index, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\overline{\gamma }}$$\end{document}$ is the strain rate tensor defined by$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {\overline{\gamma }}=\sqrt{\frac{1}{2}\underset{i}{\Sigma }\underset{j}{ \Sigma }{\overline{\gamma }}_{ij}{\overline{\gamma }}_{ji}}=\sqrt{ \frac{1}{2}{{\bar{\Lambda }}}}, \end{aligned}$$\end{document}$$with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\bar{\Lambda }}$$\end{document}$ representing the second invariant strain tensor defined by $\documentclass[12pt]{minimal}
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Substituting Eq. ([9](#Equ9){ref-type=""}) into Eq. ([8](#Equ8){ref-type=""}), we obtain$$\documentclass[12pt]{minimal}
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The simple model for homogeneous and heterogeneous chemical reactions in the boundary layer flow^[@CR60]^ is employed, in which the isothermal cubic autocatalysis of the homogeneous reaction occurs in the bulk, governed by$$\documentclass[12pt]{minimal}
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                \begin{document}$$k_{s}$$\end{document}$ the heterogeneous reaction coefficient. It is assumed that there is only the homogeneous reaction in the bulk so that the reaction rate for the heterogeneous reaction in the outer flow is zero.Table 1Thermo-physical properties of nanofluid^[@CR19]^ and hybrid nanofluid^[@CR40]^.PropertyTypeCorrelationViscosityI$\documentclass[12pt]{minimal}
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It has known that the nanofluid refers to a base fluid in suspension of solid particles in nanoscale, whose thermo-physical properties can be obtained using the following correlations denoted in Table [1](#Tab1){ref-type="table"}. Here I and II denote conventional nanofluid and hybrid nanofluid respectively, $\documentclass[12pt]{minimal}
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Figure 2Viscosity of Ag--Cu/water hybrid nanofluid. Figure 3Thermal conductivity of Ag--Cu/water hybrid nanofluid.

Governing equations {#Sec3}
===================

Under the above-mentioned assumptions, the governing equations embodying the conservations of the total mass, momentum, thermal energy and chemical diffusion are written as^[@CR63]^$$\documentclass[12pt]{minimal}
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Substituting the transformations ([18](#Equ18){ref-type=""}) and ([19](#Equ19){ref-type=""}) into the governing Eqs. ([11](#Equ11){ref-type=""})--([16](#Equ16){ref-type=""}), the continuity equation ([11](#Equ11){ref-type=""}) is automatically satisfied, other equations are reduced to$$\documentclass[12pt]{minimal}
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Verification of results {#Sec4}
=======================

The BVPh 2.0 Mathematica package based on the optimal homotopy analysis method (OHAM) is applied to give solutions to the nonlinear linear system ([33](#Equ33){ref-type=""}), ([34](#Equ34){ref-type=""}) and ([37](#Equ37){ref-type=""}) to get an accurate analytic solution. The BVPh 2.0 package is easy to use and free available online on (<http://numericaltank.sjtu.edu.cn/BVPh2.0>) with a user's guide line. It provides the best solutions and it has been proved that its solution is close to the exact solution. Because HAM has some advantages over other traditional analytic approximation methods. First, HAM is independent of small/large physical parameters as compare to perturbation techniques and is valid in more general cases. Besides, it provides a convenient way to guarantee the convergence of series solution that is different from all other analytic techniques. Furthermore, if it is required to get solutions in polynomials, exponential or in trigonometric forms, then accordingly the base function is adjusted. Here, it is very convenient to use the power series as initial guesses since the boundary conditions fall in a finite domain \[0, h\]. So, the initial guesses are chosen as$$\documentclass[12pt]{minimal}
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To check the accuracy of our computational results, we define the following absolute error evaluating function based on Eqs. ([33](#Equ33){ref-type=""}), ([34](#Equ34){ref-type=""}) and ([37](#Equ37){ref-type=""}) as$$\documentclass[12pt]{minimal}
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Entropy generation minimization {#Sec5}
===============================

Basically, entropy is used to measure the disorder. To minimize the entropy generation, the mathematically volumetric entropy generation of hybrid nanofluid modeled by Ahmed et al.^[@CR57]^ is adopted, which is written as$$\documentclass[12pt]{minimal}
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On the other hand, the characteristic entropy generation is defined as$$\documentclass[12pt]{minimal}
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The entropy generation which refers to the ratio of the volumetric entropy generation to the characteristic entropy generation rate, is therefore defined as$$\documentclass[12pt]{minimal}
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                \begin{document}$$S_{B}$$\end{document}$, namely, the relative entropy generation minimization, is defined as the ratio of the entropy generation due to heat transfer to the total entropy. It can be defined, based on the work of Das et al.^[@CR56]^, as$$\documentclass[12pt]{minimal}
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Result analysis {#Sec6}
===============

In this section, the influences of important physical emerging parameters on the flow behavior, heat transfer, homogeneous/heterogeneous and entropy are presented and analyzed.

The behaviour of the velocity field *u*(*y*) due to the effects of the volume concentration $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ is an influential parameter for the flow field. The increase in the nanomaterial volume fraction causes the decrease of the velocity, as shown in Fig. [4](#Fig4){ref-type="fig"}. This can be explained from the definition of the viscosity of nanofluid (or the hybrid nanofluid) denoted in Table [2](#Tab2){ref-type="table"}, in which it is readily to show that the viscosity increases by increasing the nanomaterial volume fraction, as a result the enhanced frictional force leads to the flow resistance and thus the velocity of fluid decreases. Note that here the scaling $\documentclass[12pt]{minimal}
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Figure 4Velocity distribution against $\documentclass[12pt]{minimal}
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The nanomaterials volume fraction has effect on the temperature distribution. This can be observed through Eqs. ([33](#Equ33){ref-type=""}) and ([34](#Equ34){ref-type=""}) in which the nanoparticles associated parameters are involved. As shown in Fig. [5](#Fig5){ref-type="fig"}, the increase in $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ yields the reduction in temperature of fluid. The reason is that the thermal conductivity of the regular fluid enhances by adding nanoparticles to the base fluid and making the nanofluid or hybrid suspension. Thus, this higher thermal conductivity possesses a positive effect on the heat transfer performance and reduces the temperature of fluid. This observation also shows that silver-copper nanoparticles are good in used as coolants in numerous engineering and medical applications. Such change is distinct for the *Ag*/*water* nanofluid as compared to the *Ag*--*Cu*/*water* hybrid nanofluid. The influences of different physical parameters on the temperature distribution on the peristaltic wall are presented in Table [6](#Tab6){ref-type="table"}. It is observed that the pure water possesses high temperature as compared to the nanofluid and the hybrid nanofluid. It is justified by the fact that the nanoparticles can be used as coolants. A development in temperature is obtained for larger *M* and *Br*. This effect is quite obvious because of the applied magnetic field and the dominant factor of viscous dissipation effect for larger Brinkman number. While a decreasing behavior is observed for the temperature distribution under the effect of the thermal radiation. Because the increment in $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{1}$$\end{document}$ means the decrease in the mean absorption parameter, which ultimately results in the temperature decrease. The heat transfer rate at the center line of the channel is illustrated in Figs. [6](#Fig6){ref-type="fig"}, [7](#Fig7){ref-type="fig"} and [8](#Fig8){ref-type="fig"}, respectively. Here the comparison is made among the regular fluid, the nanofluid and the hybrid nanofluid. Fig. [6](#Fig6){ref-type="fig"} exhibits the variation of heat transfer rate against *M*. Clearly, the heat transfer rate enhances significantly as *M* increases. It justifies that the enlarged Hartman number specifies the retarding body force that slackens the fluid motion as a result the temperature of fluid increases and consequently heat transfer rate enhances. The effect of *Br* on the heat transfer rate is shown in Fig. [7](#Fig7){ref-type="fig"}. It is clearly seen in this figure that the heat transfer rate of silver--copper--water hybrid nanofluid is the highest, then the silver--water nanofluid and finally the pure water. This is due to the hybrid nanofluids have better thermal conductivity, which accelerate the heat transfer between the solid boundary and the ambient fluid. Hence, make use of hybrid nanofluid instead of the nanofluid is more valuable in thermal management systems. Decreasing behavior of the heat transfer rate against $\documentclass[12pt]{minimal}
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Figure 6Heat transfer at the center of channel against *M*, when $\documentclass[12pt]{minimal}
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Variations of various emerging parameters on entropy generation are visualized through Figs. [12](#Fig12){ref-type="fig"}, [13](#Fig13){ref-type="fig"}, [14](#Fig14){ref-type="fig"}, [15](#Fig15){ref-type="fig"} and [16](#Fig16){ref-type="fig"}. In Fig. [12](#Fig12){ref-type="fig"}, the effect of *M* on the entropy generation is illustrated. It is clearly observed that the increase in *M* has a tendency for enhancement of the entropy generation because the strength of magnetic field increases, consequently the temperature of fluid upsurge and as a result the entropy generation increases. Similarly, an increase in the entropy generation for growing values of *Br* is presented in Fig. [13](#Fig13){ref-type="fig"}. It is due to larger values of Brinkman number intensifies the fluid friction and heat transfer rates of the fluid, thus, entropy generation number significantly increases with growing values of *Br*. It is also noticed that the enrichment in entropy generation for *Ag*-*Cu*/*water* hybrid nanofluid is more pronounced then the *Ag*/*water* nanofluid. A decreasing trend in entropy generation is perceived as the nanoparticles volume fraction increases, as shown in Fig. [14](#Fig14){ref-type="fig"}. It is due to the increase in viscosity by adding nanoparticles to the base fluid. Figs. [15](#Fig15){ref-type="fig"} and [16](#Fig16){ref-type="fig"} exhibit the influences of $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$F_{FI}$$\end{document}$) approaches zero at the inlet of the channel, while it has a dominant effect at the wall of the channel. Furthermore entropy generation because of thermal diffusion ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H_{TI}$$\end{document}$) is a major factor in the vicinity at the inlet of the channel, whereas it has a decreasing behavior towards the wall of the channel. The third factor of entropy generation due the applied magnetic filed effect ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{FI}$$\end{document}$) exerts a minimum impact at the wall surface.Figure 12Entropy generation distribution against *M*, when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d=0.4, x=0.1,\Theta = 1.2, We=0.05, \omega =0.03, n=0.2, R_{1}=0.3, Br=1$$\end{document}$. Figure 13Entropy generation distribution against *Br*, when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d=0.4, x=0.1,\Theta = 1.2, We=0.05, \omega =0.03, n=0.2, R_{1}=0.3, M=0.5$$\end{document}$. Figure 14Entropy generation distribution against $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\phi $$\end{document}$, when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d=0.4, x=0.1,\Theta = 1.2, We=0.05, \omega =0.03, n=0.2, R_{1}=0.3, Br=1, M=0.5$$\end{document}$. Figure 15Entropy generation distribution against *We*, when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d=0.4, x=0.1,\Theta = 1.2, M=0.5, \omega =0.03, n=0.2, R_{1}=0.3, Br=1$$\end{document}$. Figure 16Entropy generation distribution against $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$R_{1}$$\end{document}$, when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d=0.4, x=0.1,\Theta = 1.2, We=0.05, \omega =0.03, n=0.2, M=0.5, Br=1$$\end{document}$. Figure 17Effect of physical parameters $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d=0.4, x=0.1,\Theta = 1.2, We=0.05, \omega =0.03, n=0.2, M=0.5, Br=1, R_{1}=0.3, \phi _{Ag}=\phi _{Ag}+\phi _{Cu}=0.025+0.025=0.05$$\end{document}$ on relative entropy generation minimization.

Conclusions {#Sec7}
===========

The steady, laminar and incompressible electrical conducting peristaltic flow of a *Ag*/water nanofluid and/or a Ag--Cu/water hybrid nanofluid in a symmetric channel has been inspected in detail. Because both nanofluids and hybrid nanofluids with applied magnetic field are used in cancer therapy and found to be more adhesive for tumor cells than non-malignant cells. Thermodynamic optimization aspect has also been discussed through entropy generation analysis. In summary, the novel aspects of presented flow analysis are: Decrease in velocity profile is revealed for growing values of the Weissenberg parameter.Reduction in velocity and temperature field is discovered for both conventional nanofluid and hybrid nanofluid via nanoparticle volume fraction.Hartman number *M* enhances the heat transfer rate. Such observation shows that hybrid nanofluid has high temperature. Which authenticates that the hybrid nanofluids may helpful to increase the physical properties of fluid.Variation of thermal radiation parameter results in the decrease of the heat transfer rate.Opposite response of concentration field is noticed for heterogeneous and homogeneous reaction parameters respectively.Entropy generation is an increasing function of the Brinkman number. Such increment is higher for Ag--Cu/water hybrid nanofluid, then followed by *Ag*/*water* nanofluid.

*V*

:   Velocity of the nanofluid

*B*

:   Magnetic field

*J*

:   Current density

*P*

:   Pressure

*T*

:   Temperature
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                \begin{document}$$c_{p}$$\end{document}$

:   Heat capacity
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                \begin{document}$$\lambda $$\end{document}$

:   Wave length

*k*

:   Thermal conductivity

2*a*

:   Width of the channel
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                \begin{document}$${\bar{\alpha }}$$\end{document}$

:   Concentration of chemical species A
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:   Concentration of chemical species B

*b*

:   Amplitude of the peristaltic wave
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                \begin{document}$$k_{c}$$\end{document}$

:   Homogeneous reaction coefficient
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                \begin{document}$$k_{s}$$\end{document}$

:   Heterogeneous reaction coefficient
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                \begin{document}$$D_{A}$$\end{document}$

:   Diffusion coefficient of chemical species A
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                \begin{document}$$D_{B}$$\end{document}$

:   Diffusion coefficient of chemical species B
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                \begin{document}$$c_{p}$$\end{document}$

:   Specific heat at constant pressure

*Sc*

:   Schmidt number

*Re*

:   Reynold number

*M*

:   Hartman number

*Br*

:   Brinkman number
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                \begin{document}$$R_{1}$$\end{document}$

:   Thermal radiation parameter

*We*

:   Weissenberg number
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                \begin{document}$$\rho $$\end{document}$

:   Density
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                \begin{document}$$\eta _{0}$$\end{document}$

:   Viscosity
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                \begin{document}$$\epsilon $$\end{document}$

:   Homogeneous reaction ratio
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                \begin{document}$$\sigma $$\end{document}$

:   Electric conductivity
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                \begin{document}$$\delta $$\end{document}$

:   Dimensionless wave number

*F*

:   Dimensionless flow rate
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                \begin{document}$$\psi $$\end{document}$

:   Dimensionless stream function
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:   Stefan-Boltzman constant
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                \begin{document}$$k^*$$\end{document}$

:   Mean absorption coefficient
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:   Mean absorption coefficient
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                \begin{document}$$\theta $$\end{document}$

:   Dimensionless temperature
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                \begin{document}$$K_{s}$$\end{document}$

:   Dimensionless homogeneous reaction parameter

*K*

:   Dimensionless heterogeneous reaction parameter

$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\omega $$\end{document}$

:   Dimensionless velocity slip parameter
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                \begin{document}$$S_{G}$$\end{document}$

:   Dimensionless entropy generation rate
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:   Characteristic temperature difference ratio

*f*

:   Dimensionless concentration of chemical species A

*g*

:   Dimensionless concentration of chemical species B

*Pr*

:   Prandtle number
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